A systematic study of hadron masses and widths shows regular oscillations that can be fitted by a simple cosine function. This property can be observed when the difference between adjacent masses of each family is plotted versus the mean mass.
I. INTRODUCTION
The non-perturbative structure of hadrons is the object of intensive experimental and theoretical studies. The origin of the mass itself is not yet elucidated as the constituent quarks bring only few percent of the total mass. It is believed that most of the mass is dynamically generated, involving gluons and meson cloud. In general one can say that the existence of composite hadrons, results from the addition of several forces, related to strong interaction, that combine in, at least, one attractive and one repulsive force. The equilibrium among these forces allows the hadron to exist, otherwise the composite mass will either disintegrate, or mix into a totally new object with loss of the individual components.
A known example is the charmonium spectrum. The charmonium is considered the analogue in QCD as positronium in QED. The spectrum of charmonium, like bottomonium, is very similar (apart from the scale) to the spectrum of positronium. It may be described by a Coulomb-like potential and a term which takes care of confinement V ≃ αr + 1/2kr 2 . It is understood that the interplay created by repulsive and attractive forces gives rise at the equilibrium to a local harmonic oscillator-like potential. It is therefore not surprising that static and dynamic properties of hadrons or resonances, as masses, energies and widths show oscillatory behavior, that may be experimentally observable.
Since a rather long time, oscillatory properties have been studied concerning neutrino difference square masses, or particle-antiparticle oscillations. Structures in time-like proton form factor, have also been recently pointed out [1] .
The content of the present work is different. We analyze bare data of particle masses and widths and study the mass variation versus the mass increase for adjacent meson and baryon masses of a family (nucleon, pions...and their excitations). We calculate the variation * tati@ipno.in2p3.fr of the function:
where m (n+1) corresponds to the (n+1) hadron mass value. The difference of two successive masses is plotted versus the mean value of the two nearby masses. Such studies can only be illustrated for families holding several, at least five, masses. The result of such variation is shown in a selection of a few figures concerning mesons and baryons. Even though there is no similar equation (like Schrodinger) connecting the masses and widths, the widths are also plotted in order to look at possible regular oscillations. The obtained data are fitted using a cosine function:
where M 0 /M 1 is defined within 2π. All coefficients, and masses used to draw the figures are in MeV units. The quantitative informations are given in Table I [2] , taking into account all the data reported, even if, in some cases, omitted from the summary table.
A similar study was given in Figs. 6 and 7 of a previous paper [3] , and, in a work studying the relation between mass ratios and fractal properties [4] . 2 shows the results for charmed and charmed, strange mesons. Mesons with all quantum numbers are kept, otherwise the number of data is too small for given quantum numbers, to get well defined distributions. In insert (a) the mass difference between successive charmed meson masses, plotted versus both corresponding mean masses are shown; Pdg [2] data are in blue, LHCB data [5] are in red and Babar data [6] are in sky blue. Many data are overlaided by data from other origin. Insert (c) shows the corresponding data for charmed meson widths plotted versus meson masses. The corresponding data for charmed strange mesons [7] are shown in inserts (b) and (d) in green. The periods of oscillation are given in table I. Fig . 3 shows the results for all excited state masses of charmonium (cc) and bottomonium (bb) mesons [2] . The shapes of the mass distributions (inserts (a) and (b)) are not very different but their periods differ by a ratio 0.88 (see Table I ). Both periods of the width distributions are equal: P = 308 MeV. Since a rather large number of excited masses are known for charmonium and bottomonium mesons, it is possible to compare the previous distributions with the distributions of data selected with given quantum numbers. Fig. 4 shows the results for 0 − (1 −− ) charmonium (cc) and 0 − (1 −− ) bottomonium (bb) mesons [2] . Not very different shapes are observed for the charmonium and bottomonium mass distributions. The comparison found for the periods of the 0 − (1 −− ) mesons, between the Ψ (cc) and the Υ(bb) is given in table I. They are not modified, except the periods of the bottomonium mass distributions, equal to P = 408 MeV when all quantum numbers are kept, and P = 452 MeV when only Υ mesons are considered. An introduction of new masses may eventually, in the future, reduce this last value.
The mass of the last quoted meson used in fig. 4 (a), X(4660) ?
? (1 −− ) fits perfectly in this distribution, and is therefore kept, assigning tentatively the quantum numbers: two charm(bottom) mesons, allowing substantially large widths. Fig. 5 shows in inserts (a) and (b) the mass difference between successive masses, plotted versus both corresponding mean masses for N * and Λ C baryons. Inserts (c) and (d) show the total widths versus the corresponding masses of the same baryons. When the mass distribution for N * baryons (insert (a)) displays a rather poor shape, all other three distributions describe the data. Fig . 6 shows in inserts (a) and (b) the mass difference between successive masses, plotted versus both corresponding mean masses for ∆ and Λ baryons. Inserts (c) and (d) show the total widths versus the corresponding masses of the same baryons. Fig. 7 shows the results for Ξ and Ξ C baryons. The fits describe well the data.
A curious feature is that the extracted periods are also showing regular oscillations. Fig. 8 shows, respectively in inserts (a), (b), and (c) the mass oscillation periods, the width oscillation periods and the ratio of mass over width periods, plotted versus the lower mass of each family. Full red circles (blue squares) show the results for mesons (baryons) illustrated above. We observe again oscillating shapes. Although we do not have, presently, any motivation to justify the need for observing oscillations in the width periods, nor in the mass over width ratio periods, Fig. 8(b) and (c) shows that this is however the case. The same period P= 829 MeV is observed in inserts (a) and (c). The period of the width period is two times smaller P=415 MeV, otherwise the baryon data, mainly the first one, is badly fitted in insert (b).
In conclusion, the paper shows that regular oscillations are often observed in hadron observables. This property allows to tentatively predict some hadronic masses, still not observed. The same variation of the periods is observed from the analysis of masses and widths of different meson and baryon families. Such behavior requires the need for a theoretical study to describe the observed oscillating distributions and particularly the oscillation amplitudes. Such work is clearly outside the scope of the present work. 
